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ABSTRACT 
Providing high data rates is one of the big concerns in visible light communication (VLC) systems. This paper 
introduces a data centre design that use a VLC system for downlink communication. In this work, RYGB laser 
diodes (LD) are used as transmitters to obtain a high modulation bandwidth. Three types of receivers, wide field 
of view receiver (WFOVR), 3 branches angle diversity receiver (ADR) and 50 pixels imaging receiver (ImR) are 
used to examine delay spread and SNR. The proposed system achieved data rates up to 14.2 Gbps using simple 
on-off-keying (OOK) modulation.  
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1. INTRODUCTION 
 
Due to the energy efficiency, scalability and flexibility of visible light communication (VLC) systems, it can be 
used in next generation data centres replacing hundreds of metres of cables or optical fibre. VLC systems have 
been shown in many studies to be able to transmit video, data and voice content at data rates up to 20 Gbps in 
indoor settings [1]-[5]. In addition, due to the growth in demand for high data rates, VLC and in general optical 
wireless (OW) have received wide interest by researchers for transferring data [6]-[10]. The RF spectrum is 
becoming scarce, where the demand for higher user data rates continues to grow. Achieving very high data rates 
beyond 10 Gbps and into the Tbps region using the bandwidth available for radio systems is challenging. 
According to Cisco, mobile Internet traffic over this half of the decade (2016-2021) is expected to increase by 27 
times [11]. Given this expectation of dramatically growing demand for data rates, the quest is already underway 
for alternative spectrum bands beyond radio waves [12]-[14]. The latter are bands currently used and planned for 
near future systems, such as beyond 5G cellular systems.  VLC and optical wireless (OW) systems can provide a 
license free bandwidth, high security and low-cost alternative to the RF system [15]-[18]. However, they have 
some limitations such as the absence of line-of-sight (LOS) components in links which reduces the system 
performance significantly. In addition, inter-symbol interference (ISI) which is caused by the multi-path 
SURSDJDWLRQFDQDIIHFWWKHV\VWHP¶VSHUIRUPDQFH 
In this paper, a data centre based on VLC system as downlink transmitter is introduced. Red, yellow, green, and 
blue (RYGB) Laser Diodes (LDs) and three types of receivers are used and the developed model considers the 
effects of multi-path propagation. The RYGB LDs can provide white colour which can be used for indoor 
illumination as stated in [19] and are used as transmitters to provide a high modulation bandwidth. This paper is 
organised as follows: The data centre configuration is described in Section 2 and the optical receiver design is 
presented in Section 3. Section 4 introduces the optical transmitter design and Section 5 shows the simulation 
results, and the conclusions are provided in Section 6. 
 
2. DATA CENTRE CONFIGURATION 
As shown in Figure 1a, the data centre pod dimensions (length × width × height) are assumed to be 8 m × 8 m × 
3 m in the evaluation. The proposed data centre pod consists of three rows of racks and each row contains 10 racks 
[20]-[23]. The red rack in each row (see Figure 1a) is used for routing which is the communication coordinator 
between each row of racks with the internet. The dimensions of each rack are shown in Figure 1b. One meter or 
more has been set between rows as well as between each row and the walls for ventilation. Reflections up to second 
order were considered in this work due to the fact that third and higher order reflections have no impact on the 
received optical power [24], [25]. A ray-tracing algorithm was utilised for modelling reflections from the ceiling, 
walls and the floor in the room. Thus, each surface in the room was divided into small equal areas ݀ܣ with a 
reflection coefficient of ߩ. The author in [25] showed that, plaster walls reflect light rays close to a Lambertian 
pattern. Therefore, each surface in the room such as ceiling, walls and floor was modelled as a Lambertian reflector 
ZLWKUHIOHFWLRQ¶VFRHIILFLHQWHTXDOWR0.8 for ceiling and walls and 0.3 for the floor [26], [27]. Each element in each 
surface acts as a small emitter that reflects the received ray in the form of a Lambertian pattern with ݊ (emission 
order of the Lambertain pattern) equal to 1. The area of the surface elements can play a significant role in the time 
resolution of the results. When the surface elements is very small, a higher resolution is gained at thecost of longer 
simulation time. Therefore, 5 cm × 5 cm was chosen as an area of the surface element for the first order reflection, 
while 20 cm × 20 cm was chosen as an area of the surface element for the second order reflection to keep the 
computation time of the simulation within a reasonable time [3], [28]. The communication floor (CF) is set at 0.25 
m above the floor as shown in Figure 1a which means all VLC is done above the CF. Under the CF rows or racks 
can be connected through fibre optic cable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               (a)                                                                                                           (b) 
Figure 1: (a) Data Centre Configuration, (b) Rack diminutions  
 
3. OPTICAL RECEIVER DESIGN 
  In this work, each row has an optical receiver placed on the top middle of each row (see Figure 1a). Three types 
of optical receiver have been considered. The first one is a wide field of view receiver (WFOVR) that uses 70° as 
field of view (FOV) with area equal to  ?݉ ݉ଶ and responsivity equal to 0.4 A/W. The second receiver is an angle 
diversity receiver (ADR) that has 3 branches of photodetectors with narrow FOVs. The ADR was used to 
directionally collect signals and reduce the inter-symbol interference (ISI). Each photodetector is oriented to a 
different direction to cover different transmitters in the data centre ceiling based on the Azimuth ሺܣݖሻ and 
Elevation ሺܧ݈ሻ angles. The ܧ݈ angles of the three detectors are set as follow: two detectors are set at 25°, while the 
detector that faces upwards is positioned at 90°, whereas, the ܣݖ angles of the detectors are 0°, 90°and 270°. The 
FOV of these detectors is set at 20°. In addition, the area of each photodetector is chosen equal to  ?݉ ݉ଶ with 
responsivity equal to 0.4 A/W. Each receiver of each row covers the three light units placed 1 m directly above 
the row. The imaging receiver (ImR) is the last type evaluated in this work to collect signals and reduce the ISI. It 
consists of 50 pixels and each pixel has a narrow FOV (17°) with area equal to  ?݉ ଶ݉ and responsivity equal to 
0.4 A/W. Above these pixels, a lens with FOV equal to 65° is used to collect light rays from the three light units 
that are placed 1 m directly above each row. 
 
 
                                                  (a)                                            (b)                                           (c) 
Figure 2: Optical Receiver Design: (a) WFOVR, (b) ADR, (c) ImR.  
4. OPTICAL TRANSMITTER DESIGN 
  RYGB LDs light unit are used for illumination and communication in this work. Nine RYGB Light units have 
been utilised inside the data centre (see Figure 1a). Each unit of these RYGB Light units has 16 wide-semi angles 
RYGB LDs. The semi angle of the RYGB /'VZDVFKRVHQWREHၨWRLQFUHDVHWKHOLJKWLQJOHYHOLQVLGHWKHGDWD
centre pod. RYGB LDs light units are located on the ceiling in different locations: (1.8 m, 2 m, 3 m), (1.8 m, 4 m, 
3 m), (1.8 m, 6 m, 3 m), (4 m, 2 m, 3 m), (4 m, 4 m, 3 m), (4 m, 6 m, 3 m), (6.2 m, 2 m, 3 m), (6.2 m, 4 m, 3 m) 
and (6.2 m, 6 m, 3 m) as shown in Figure 1a. The light units positions are chosen in these locations to provide 
good communication links for each row of racks in the data centre. Therefore, each three RYGB LDs light units 
placed 1 m above each row of racks are used to transfer data to that row. 
 
5. SIMULATION SETUP AND RESULTS 
  In this work, each three RYGB LDs light units placed directly 1 m above each row of racks carry the same data 
from the Internet. Thus, each row of racks connects to the Internet separately to provide a high data rate for each 
row of racks. The receiver which is placed in the top middle of each row receives the visible light signals from the 
three light units assigned to it and transfers the received data to the router.  
Three types of receivers have been examined in this work: WFOVR, ADR and ImR. The SNR should be high to 
obtain a high data rate in VLC systems to reduce the bit error rate (BER), calculated when using OOK as: 
                                                                        ܤܧܴ ൌ ܳ൫ ?ܵ ܴܰ൯                                                                          (1) 
where the function ܳሺ ?ሻ is the Gaussian function and is expressed as: 
                                                             ܳሺݔሻ ൌ ଵଶ ݁ݎ݂ܿ ൬ݔ  ? ?ൗ ൰ ൎ ଵ ?ଶగ ௘ష൬ೣమ  ?మ൘ ൰௫  .                                                     (2) 
The SNR in OOK modulation was computed using: 
                                                                         ܴܵܰ ൌ ቀோሺ௉ೞభି௉ೞబሻఙ೟ ቁଶ                                                                      (3) 
where, ܴ is the photodetector responsivityሺܴ ൌ  ?Ǥ ?ܣȀܹሻ, ௦ܲଵ is the power associated with logic 1, ௦ܲ଴ is the 
power associated with logic 0 and ߪ௧ is the total noise related to the received signal which can be calculated as: 
                                                                      ߪ௧ ൌ ටߪ௣௥ଶ ൅ ߪ௕௡ଶ ൅ ߪ௦௜௚ଶ                                                                       (4) 
where, ߪ௣௥ is the preamplifier noise, ߪ௕௡ is the background shot noise and ߪ௦௜௚ is the shot noise associated with 
the received signal. The calculation of the background and received signal noises can be found in [29], [30], while 
the preamplifier noise can be calculated based on the receiver used [31]. Two techniques are used to combine the 
signals received by the elements of the ADR or received by the pixels of the imaging receiver. Selection combining 
(SC) involves the selection of a detector with the highest SNR, which is given by: 
                                                               ܴܵܰௌ஼ ൌ ݉ܽݔ௞ ቀோሺ௉ೞభି௉ೞబሻఙ೟ ቁ௞ଶ ǡ ? ൑ ݇ ൑ ܬ                                           (5) 
where, ܬ is the total number of detectors or pixels used. Maximum ratio combining (MRC) is the second combining 
method, and it combines DOOWKHRXWSXWVIURPDOOWKHGHWHFWRUVRUSL[HOV7KH05&¶V615ZDVFDOFXODWHGXVLQJ 
                                                             ܴܵܰெோ஼ ൌ  ? ቀோሺ௉ೞభି௉ೞబሻఙ೟ ቁଶ௃௞ୀଵ ǡ ? ൑ ݇ ൑ ܬ .                                   (6) 
The imaging receiver employs a lens as shown in Figure 2c that has a transmission factor which depends on the 
incidence angle (ߓ) and is given by [32]: ܶܿሺߓሻ ൌ  െ ?Ǥ ? ? ? ?ߓଶ ൅  ?Ǥ ? ? ? ?ߓ ൅  ?Ǥ ? ? ? ? 
  Figure 3 shows the delay spread and SNR of the three receiver types. The channel bandwidth of the WFOVR is 
limited to 200 MHz for this setting, due to its delay spread. Thus, WFOVR cannot support high data rates above 
285 Mbps. The ADR and the ImR, however, experience more than 3 orders of magnitude lower delay spread, as 
shown in Figure. 3b, resulting in higher channel bandwidth, and enabling them to support data rates up to 14.2 
Gbps for each row inside the data centre. Figure 3b also shows that the delay spread for the imaging receiver is 10 
times less than that of the angle diversity receiver.  
 
 
 
  
 
 
 
 
 
 
     (a)                                                           (b)                                                         (c) 
 
Figure 3: (a) Delay Spread of WFOR, ADR and ImR, (b) Delay Spread of ADR and ImR, (c) SNR. 
  Figure 3c compares the Signal to noise ratio (dB) of the imaging and the angle diversity receivers using the two 
combining techniques for each. The results show a 1dB advantage for the ADR receiver over the imaging receiver 
because both ADR and ImR can collect signals from just 3 light units. Thus, the received power by the ImR is 
lower than the received power by the ADR due to the transmission factor of the lens used in the imaging receiver. 
In both receiver types, the MRC was better in terms of SNR than the selective combiner, however, the difference 
between the two combiners for the ADR receiver is not as high compared to imaging receiver. This is due to the 
MRC¶VDELOLW\WR maximise the SNR by combining all the outputs from all the detectors. 
 
6. CONCLUSIONS 
  A data centre design that use a VLC system for downlink communication was proposed in this paper. The data 
centre pod considered consists of 30 racks divided into three rows. Each row includes 10 racks, with one of them 
acting as a router. The proposed system was examined by using different types of receivers (wide field of view 
receiver (WFOVR), angle diversity receiver (ADR) and imaging receiver (ImR)). In addition, a simple modulation 
technique, OOK, was utilised in this work. The delay spread was reduced more than 30 times when the ADR and 
ImR were used. Moreover, the ImR reduced the delay spread 10 times compared to the ADR. However, the ADR 
can improve the SNR 1 dB over the ImR. A data rate up to 14.2 Gbps can be achieved in each row of racks. 
 
ACKNOWLEDGEMENTS 
The authors would like to acknowledge funding from the Engineering and Physical Sciences Research Council 
(EPSRC) for the TOWS project (EP/S016570/1). All data are provided in full in the results section of this paper. 
 
REFERENCES 
1. $7+XVVHLQDQG-0+(OPLUJKDQL³*ESV0RELOH9LVLEOH/LJKW&RPPXQLFDWLRQ6\VWHP(PSOR\LQJ$QJOH'LYHUVLW\
,PDJLQJ5HFHLYHUVDQG5HOD\1RGHV´-2SW&RPPXQ1HWZYROQRS-735, 2015.  
2. 6+<RXQXVDQG-0+(OPLUJKDQL³:'0IRr high-VSHHGLQGRRUYLVLEOHOLJKWFRPPXQLFDWLRQV\VWHP´LQ,QWHUQDWLRQDO
Conference on Transparent Optical Networks, 2017. 
3. $7+XVVHLQ07$OUHVKHHGLDQG-0+(OPLUJKDQL³*EV0RELOH,QGRRU9LVLEOH/LJKW&RPPXQLFDWLRQ6\VWHP
Employing Beam SWHHULQJDQG&RPSXWHU*HQHUDWHG+RORJUDPV´-/LJKW7HFKQROYROQRSS±5260, 2015. 
4. $7+XVVHLQ07$OUHVKHHGLDQG-0+(OPLUJKDQL³)DVWDQG(IILFLHQW$GDSWDWLRQ7HFKQLTXHVIRU9LVLEOH/LJKW
&RPPXQLFDWLRQ6\VWHPV´,(((26$-RXUQDORf Optical Communications and Networking, vol. 8, No. 6, pp. 382-397, 2016. 
5. S.H. Younus, A. A. Al-+DPHHG$7+XVVHLQ07$OUHVKHHGLDQG-0+(OPLUJKDQL³3DUDOOHO'DWD7UDQVPLVVLRQLQ,QGRRU
9LVLEOH/LJKW&RPPXQLFDWLRQ6\VWHPV´,((($FFHVVYRO pp. 1126 - 1138, 2019. 
6. A. Al-*KDPGLDQG-0+(OPLUJKDQL³2SWLPLVDWLRQRID3)'5DQWHQQDLQDIXOO\GLIIXVH2:V\VWHPLQIOXHQFHGE\EDFNJURXQG
QRLVHDQGPXOWLSDWKSURSDJDWLRQ´,(((7UDQVDFWLRQVRQ&RPPXQLFDWLRQYRO1RSS-2114, 2003. 
7. A. G. Al-*KDPGLDQG-0+(OPLUJKDQL³&KDUDFWHUL]DWLRQRIPRELOHVSRWGLIIXVLQJRSWLFDOZLUHOHVVV\VWHPVZLWKUHFHLYHU
GLYHUVLW\´,&&¶,(((,QWHUQDWLRQDO&RQIHUHQFHRQ&RPPXQLFDWLRQV9ROSS-138, Paris, 20-24 June 2004. 
8. A. Al-Ghamdi, and J.M+(OPLUJKDQL³3HUIRUPDQFHHYDOXDWLRQRIDWULDQJXODUS\UDPLGDOIO\-eye diversity detector for optical 
ZLUHOHVVFRPPXQLFDWLRQV´,(((&RPPXQLFDWLRQV0DJD]LQHYRO1RSS-86, 2003. 
9. ./6WHUFN[-0+(OPLUJKDQLDQG5$&U\DQ³6HQVLWLYLW\Dssessment of a three-segment pyrimadal fly-eye detector in a 
semi-GLVSHUVHRSWLFDOZLUHOHVVFRPPXQLFDWLRQOLQN´,((3URFHHGLQJV2SWRHOHFWURQLFVYRO1RSS-294, 2000. 
10. )($OVDDGL0$$OKDUWRPLDQG-0+(OPLUJKDQL³)DVWDQG(IILFLHQW$Gaptation Algorithms for Multi-gigabit Wireless 
,QIUDUHG6\VWHPV´,(((26$-RXUQDORI/LJKWZDYH7HFKQRORJ\YRO1RSS-3751, 2013. 
11. C. Mobile, Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2016-2021 White Paper. 2017. 
12. )($OVDDGLDQG-0+(OPLUJKDQL³3HUIRUPDQFHHYDOXDWLRQRI*ELWVDQG*ELWVRSWLFDOZLUHOHVVV\VWHPVHPSOR\LQJD
WZRGLPHQVLRQDODGDSWLYHEHDPFOXVWHULQJPHWKRGDQGLPDJLQJGLYHUVLW\GHWHFWLRQ´,(((-RXUQDORQ6HOHFWHG$UHDVLQ
Communications, vol. 27, No. 8, pp. 1507-1519, 2009. 
13. 07$OUHVKHHGLDQG-0+(OPLUJKDQL³+RORJUDPVHOHFWLRQLQUHDOLVWLFLQGRRURSWLFDOZLUHOHVVV\VWHPVZLWKDQJOHGLYHUVLW\ 
UHFHLYHUV´,(((26$-RXUQDORI2SWLFDO&RPPXQLFDWLRQVDQG1HWZRUNLQJYRO1Rpp. 797-813, 2015. 
14. 0$OUHVKHHGLDQG-0+(OPLUJKDQL³*EVLQGRRURSWLFDOZLUHOHVVV\VWHPVHPSOR\LQJEHDPGHOD\SRZHUDQGDQJOH
DGDSWDWLRQPHWKRGVZLWKLPDJLQJGHWHFWLRQ´,(((26$-RXUQDORI/LJKWZDYH7HFKQRORJ\YROSS-1856, 2012. 
15. K.L. 6WHUFN[-0+(OPLUJKDQLDQG5$&U\DQ³3\UDPLGDO)O\-(\H'HWHFWLRQ$QWHQQDIRU2SWLFDO:LUHOHVV6\VWHPV´'LJHVW
IEE Colloq. on Optical Wireless Communications, Digest No. 1999, pp. 5/1-5/6, London, June 1999. 
16. F.E. Alsaadi, M.N. Esfahani, and J.M.H. (OPLUJKDQL³$GDSWLYHPRELOHRSWLFDOZLUHOHVVV\VWHPVHPSOR\LQJDEHDPFOXVWHULQJ
PHWKRGGLYHUVLW\GHWHFWLRQDQGUHOD\QRGHV´,(((7UDQVDFWLRQVRQ&RPPXQLFDWLRQVYRO1RSS-879, 2010. 
17. )($OVDDGLDQG-0+(OPLUJKDQL³$GDSWLYHPRELOHOLQe strip multibeam MC-CDMA optical wireless system employing 
LPDJLQJGHWHFWLRQLQDUHDOLQGRRUHQYLURQPHQW´,(((-RXUQDORQ6HOHFWHG$UHDVLQ&RPPXQLFDWLRQVYRO1RSS-
1675, 2009. 
18. 0$OUHVKHHGLDQG-0+(OPLUJKDQL³3HUIRUPDQFH(YDOXDWLRQ of 5 Gbit/s and 10 Gbit/s Mobile Optical Wireless Systems 
(PSOR\LQJ%HDP$QJOHDQG3RZHU$GDSWDWLRQZLWK'LYHUVLW\5HFHLYHUV´,(((-RXUQDORQ6HOHFWHG$UHDVLQ&RPPXQLFDWLRQV
vol. 29, No. 6, pp. 1328 - 1340, 2011. 
19. A. Neumann, J. J. Wierer, W. Davis, Y. 2KQR65-%UXHFNDQG-<7VDR³)RXU-color laser white illuminant demonstrating 
high color-UHQGHULQJTXDOLW\´2SW([SUHVVYROQR6S$ 
20. X. Dong, T.E.H. El-*RUDVKLDQG-0+(OPLUJKDQL³*UHHQ,3RYHU:'01HWZRUNVZLWK'DWD&HQWUHV´,(((26$-RXUQDORI
Lightwave Technology, vol. 27, No. 12, pp. 1861 - 1880, 2011. 
21. L. Nonde, T.E.H. El-*RUDVKLDQG-0+(OPLUJKDQL³(QHUJ\(IILFLHQW9LUWXDO1HWZRUN(PEHGGLQJIRU&ORXG1HWZRUNV´
IEEE/OSA Journal of Lightwave Technology, vol. 33, No. 9, pp. 1828-1849, 2015. 
22. H.M.M. Ali, A.Q. Lawey, T.E.H. El-*RUDVKLDQG-0+(OPLUJKDQL³)XWXUH(QHUJ\(IILFLHQW'DWD&HQWHUV:LWK'LVDJJUHJDWHG
6HUYHUV´,(((26$-RXUQDORI/LJKWZDYH7HFKQRORJ\YRO1RSS± 5380, 2017. 
23. A.M. Al-Salim, A. Lawey, T.E.H. El-*RUDVKLDQG-0+(OPLUJKDQL³(QHUJ\(IILFLHQW%LJ'DWD1HWZRUNV,PSDFWRI9ROXPH
DQG9DULHW\´,(((7UDQVDFWLRQVRQ1HWZRUNDQG6HUYLFH0DQDJHPHQWYRO1RSS- 474, 2018. 
24. J. R. Barry, J. M. Kahn, W. J. Krause, E. $/HHDQG'*0HVVHUVFKPLWW³6LPXODWLRQRI0XOWLSDWK,PSXOVH5HVSRQVHIRU,QGRRU
:LUHOHVV2SWLFDO&KDQQHOV´,(((-6HO$UHDV&RPPXQ 
25. )5*IHOOHUDQG8%DSVW³:LUHOHVV,Q-+RXVH'DWD&RPPXQLFDWLRQYLD'LIIXVH,QIUDUHG5DGLDWLRQ´3URF,((E, vol. 67, no. 11, 
pp. 1474±1486, 1979. 
26. )($OVDDGLDQG-0+(OPLUJKDQL³0RELOH0XOWL-gigabit Indoor Optical Wireless Systems Employing Multibeam Power 
$GDSWDWLRQDQG,PDJLQJ'LYHUVLW\5HFHLYHUV´,(((26$-RXUQDORI2SWLFDO&RPPXQLFDWLRQVDQG1HWZRUNing, vol. 3, No. 1, pp. 
27-39, 2011. 
27. 07$OUHVKHHGL$7+XVVHLQDQG-0+(OPLUJKDQL³8SOLQN'HVLJQLQ9/&6\VWHPVZLWK,56RXUFHVDQG%HDP6WHHULQJ´
IET Communications, vol. 11, No. 3, pp. 311-317, 2017. 
28. A. G. Al-*KDPGLDQG-0+(OPLUJKDQL³/ine Strip Spot-Diffusing Transmitter Configuration for Optical Wireless Systems 
,QIOXHQFHGE\%DFNJURXQG1RLVHDQG0XOWLSDWK'LVSHUVLRQ´,(((7UDQV&RPPXQYRO1RSS-45, 2004. 
29. -0.DKQ³:LUHOHVVLQIUDUHGFRPPXQLFDWLRQV´3URF,(((YRO 85, no. 2, pp. 265±298, 1997. 
30. )($OVDDGLDQG-0+(OPLUJKDQL³+LJK-speed spot diffusing mobile optical wireless system employing beam angle and 
SRZHUDGDSWDWLRQDQGLPDJLQJUHFHLYHUV´-/LJKW7HFKQROYROQRSS±2206, 2010. 
31. E. KLPEHU%3DWHO,+DUGFDVWOHDQG$+DGMLIRWLRX³+LJKSHUIRUPDQFH*ELWVSLQ-)(7RSWLFDOUHFHLYHU´(OHFWURQ/HWW
vol. 28, no. 2, pp. 120±122, 1992. 
32. 3'MDKDQLDQG-0.DKQ³$QDO\VLVRILQIUDUHGZLUHOHVVOLQNVHPSOR\LQJPXOWLEHDPWUDQVPLWWHUVand imaging diversity 
UHFHLYHUV´,(((7UDQV&RPPXQYROQRSS±2088, 2000. 
 
 
